ABSTRACT
tectonic could be considered a self-sustaining process, which does not give direct information on its own initiation. Theoretical models and numerical analysis of thermal convection in the mantle (for a review of mantle convection see Schubert et al., 2001) find that for large vertical viscosity contrasts across the convective layer, as usually corresponds to realistic temperature dependent rock rheologies, a cold and essentially immobile lid develops above the actively convective system. This "stagnant lid" regime correspond to one-plate planets, but obviously it is not the case for the Earth. On the other hand, convection including surface movement and recycling is obtained only if the viscosity contrast across the layer is small. Moreover, plate tectonics is not simply convection with surface recycling, since subduction is an asym metric downwelling process implying the descent of only one plate, while thermal convection usually supposes the sinking of both convergent upper boundary layers (e.g., Bercovici, 2003) . The proper initiation of subduction is a very difficult process to be theoretically explained (Mueller and Phillips, 1991; Toth and Gurniss, 1998) . Indeed, numerous hypotheses have been proposed to explain the origin of subduction and plate tectonics in the Earth (see Nikolaeva et al., 2010) , but a clear advance on this problem has not been obtained. Thus, the generation of terrestrial plate tectonics is a major geodynamic problem (Bercovici, 2003) .
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The influence of giant impacts
As above summarized, initiation of lithosphere mobility and recycling requires a relatively low lithosphere viscosity, and initiation of subduction sensu stricto could additionally require pre-existent large faults and possibly a locally thin lithosphere.
Precisely, giant impacts (here defined as impacts originating impact structures thousands of kilometers across) are a powerful mechanism for fracturing the lithosphere, as well as for creating differences in density, and in crustal and lithosphere thickness. The impact structure size, and hence cratering fracturing and disruption, is proportional to the kinetic energy of the impactor (for a review of impact processes see de Pater and Lissauer, 2010), which is the sum of (1) the kinetic energy at the planet surface consequence of the acceleration due to the planet's gravity (which is equal to the escape velocity from the planet), and (2) the kinetic energy due to the initial relative velocity with respect to the planet (i.e., the relative velocity of the impactor far the impacted planet). On the other hand, absolute (and relative) velocities of planetesimal bodies collisioning in the early Solar System are unknown, but in general, they would be (according to Kepler's laws) comparable to the orbital velocity of each planet. The initial relative velocity for a prograde planetesi mal should be, at most, similar to the orbital velocity of each planet, and could have been much lower. Average initial relative velocities must have been around half of the orbital velocity.
Indeed, asteroids collisioning with the Earth-Moon system have an initial relative velocity of �16 km S-1 (Chyba, 1991), value roughly similar to 14.9 km S-1 , the half of the average orbital velocity of the Earth. 
Conclusions
Giant impacts on the early Earth could have provided the upper layer weakening (through fracturing) required for surface recycling, and hence for plate tectonics to initiate. Impact fractur ing would be more decisive due to the higher gravity of the Earth, which would imply a higher lithospheric strength (and hence a higher effective viscosity) in absence of cratering weakening. This could explain the reason why Earth has plate tectonics whereas Mars never had lithosphere recycling. Giant impacts also might contribute to the initiation of subduction through originating large faults, lithosphere thickness and density differences, whose magnitude would be again depending on the kinetic energy of the impact process and therefore on planetary gravity and relative orbital velocity, both higher for Earth than for Mars. In a similar way, large impacts have been proposed to cause major geodynamic and magmatic episodes on the Earth (see Glikson, 2008, and references therein), including mid-ocean spreading, rifting initiation and continental breakup (Glikson, 1999 , Hansen, 2007 .
